Abstract. The Petersen diagram is a frequently used tool to constrain model parameters such as metallicity of radial double-mode pulsators. In this diagram the period ratio of the radial first overtone to the fundamental mode, Π 1 /Π 0 , is plotted against the period of the fundamental mode. The period ratio is sensitive to the chemical composition as well as to the rotational velocity of a star. In the present study we compute stellar pulsation models to demonstrate the sensitivity of the radial period ratio to the opacity data (OPAL and OP tables) and we also examine the effect of different relative abundances of heavy elements. We conclude that the comparison with observed period ratios could be used successfully to test the opacity data.
INTRODUCTION
Petersen diagrams are a widely used tool in asteroseismology. These diagrams were introduced by Petersen (1973) to study double-mode cepheids. It was shown by Suárez et al. (2006) that Petersen diagrams are sensitive not only to metallicity but also to stellar rotation. In this investigation we test the influence of the choice of opacity data and metal mixtures on the period ratio. Hitherto these effects have mainly been taken into account for studies on the instability domains of stars in the HR diagram (see, for example, Ziomek 2007 and Miglio et al. 2007 ). Our examination is based on models of the δ Scuti star 44 Tau. In addition to a number of nonradial modes this star pulsates in the radial fundamental (6.8980 c/d) and the first overtone mode (8.9606 c/d). A detailed frequency analysis of the observational data of 44 Tau has been published by Antoci et al. (2007) . The presence of two radial modes with known radial order reduces the number of possible models significantly. For a certain set of input parameters, such as X, Z, α MLT , α ov and v rot , only one model with a specific mass fits both the fundamental and first overtone frequency. Zima et al. (2007) confirmed that the star is an intrinsically slow rotator with a measured rotational velocity of 1-5 km/s. They also determined the photospheric element abundances and found no significant deviations from the solar values. Due to these strong constraints 44 Tau is a very good target to examine the influence of different opacity tables and element mixtures. For our study we are using the same codes as described in Olech et al. (2005) . Only nonrotating models are considered. 
EFFECT OF OPACITY TABLES
The latest version of the OPAL opacities dates back to 1996 (Iglesias & Rogers 1996) . The OP opacities have recently been updated (Seaton 2005) . Badnell et al. (2005) compared OP and OPAL opacities and concluded that the new OP tables are much closer to the OPAL tables. They found that the agreement between OPAL and OP opacities is mainly within 5-10%. Using standard chemical composition and the GN93 metal mixture (Grevesse & Noels 1993) , we compared the results obtained with OPAL and OP tables for a 1.875 M ⊙ model. As can be seen in the Petersen diagram in Fig. 1 , the difference is indeed significant. For OP opacities the period ratio Π 1 /Π 0 is predicted to be higher. Consequently, to obtain a good fit of the observed radial modes the mass has to be reduced to 1.69 M ⊙ . In the right panel of Fig. 1 the position of the fitted models in the HR diagram is shown. While the OPAL model is located within the error box from photometric observations, the OP model is clearly too cool and too faint. The parameters of the fitted models are given in Table 1 .
Comparison of OPAL and OP opacities
To examine the cause for the differences in the Petersen diagram in more detail we compared the Rosseland-mean opacities, κ, of the stellar models. Using the temperature and density distribution inside the OPAL model of 44 Tau, we computed the corresponding opacities from the OP tables. As can be seen in Fig. 2 the results are similar. The relative differences do not exceed 15 %. A larger deviation occurs if we compare the opacities of the two fitted 44 Tau models obtained with OP and OPAL tables. While both models fit the observed radial modes, global parameters such as the effective temperature are different. Fig. 3 shows that the difference is generally at the level of 20% or larger. 
EFFECT OF CHEMICAL ELEMENT MIXTURE
A recent analysis of the solar spectrum by Asplund et al. (2004 Asplund et al. ( , 2005 ) gave rise to a significant downward revision of the solar C, N, O and Ne abundances by 40-60% and to a moderate downward revision of Fe-group abundances by 10-25%. The solar composition corresponding to the new metal mixture A04 has been determined to be X=0.74, Z=0.0122. These results have destroyed the good agreement between the standard solar model and the helioseismic model. The influence of the choice between the GN93 and A04 metal mixture on the Petersen diagram is shown in the left panel of Fig. 4 . The models were computed using the OPAL opacity tables and assuming X=0.70 and Z=0.02. In the right panel of Fig. 4 the combined effect of element mixture and the new solar X and Z value is displayed. The deviation in the Petersen diagram is significant as well. However, it is possible to fit the observed radial modes close to the photometric error box. The comparison with the effect of rotation on the Petersen diagram (Fig. 5 , right panel) shows that the deviations are approximately at the same level. In the computations for this diagram we assumed uniform rotation and conservation of global angular momentum during the stellar evolution. The pure effect of changing the metallicity from Z=0.02 to 0.0122 increases the period ratio by a value of almost 0.002.
CONCLUSIONS
In this work we tested the influence of different opacity tables and chemical element mixtures on the Petersen diagram based on models of the δ Scuti star 44 Tau. We found that the choice between OPAL and OP opacities has a significant effect on the Petersen diagram. The seismic model computed with the OP tables does not match the photometrically derived position of 44 Tau in the HRD: the OP model is clearly too cool and too faint. The OPAL opacities are preferable to explain the observed radial modes and fundamental parameters in the case of 44 Tau. The new solar heavy element mixture by Asplund et al. (2004 Asplund et al. ( , 2005 different opacity data and metal mixtures are approximately of the same size as those caused by rotational effects (at v rot ≈ 100 km/s) and should also be considered when using the Petersen diagram as a diagnostic tool.
